globulin. Quantitative studies demonstrated that IgA was the predominant immunoglobulin in tears and milk but not in colostrum. The electrophoretic mobility, size, presence of secretory component, and reaction with specific antihuman alpha-chain antiserum demonstrates that this immunoglobulin is the equine homologue of human IgA.
Eight antigenically distinct immunoglobulins have been identified in purified anti-,B-lactoside antibody isolated from horse serum (8, 9, 17, 18) . They were designated immunoglobulin Ga (IgGa), IgGb, IgGc, IgA (T component), IOSz , IgM, and two others with yyl mobility were not classified (17) . An immunoglobulin of ,yl mobility with heterogeneous sedimentation properties caused by salt-dissociable noncovalently-linked aggregates of 6.3S globulin has been isolated from hyperimmune, horse antipneumococcal sera (21) . Subsequent workers used the designation aggregating immunoglobulin (Al) (31) yyl component (5) IgB (20) and demonstrated that it was antigenically distinct from IgG, IgM, and IgG(T). The relationship between Al and the yl antilactoside antibodies described by Rockey (17) is not clear. In the past, a number of workers classified the T protein of horse diphtheria and tetanus antitoxin (22) as IgA (6, 8, 16, 17) . Weir et al. (29) , however, demonstrated partial homology between the C-terminal amino acid sequences of the heavy chains of T protein and IgG. Antigenic studies demonstrated identity of Fab fragments and light chains of T protein and IgG and also that some cross-reaction occurred with the Fc fragments (28) . On the basis of these studies, it was concluded that horse T protein represented an IgG subclass rather than an equivalent of IgA, and this conclusion suggested the designation of IgG(T) (29) .
Audibert and Sandor (2) isolated an immunoglobulin from horse colostrum and milk which they considered to be IgA, based on electrophoretic mobility and carbohydrate content. In contrast, Genco et al. (4) examined the immunoglobulins of horse parotid fluid and colostrum and found no evidence for a secretory immune system in the horse. Rouse and Ingram (19) examined horse colostrum and milk and found no evidence for a selective secretion of yl immunoglobulin. Hurlimann and Darling found that salivary glands in vitro synthesized an immunoglobulin which appeared analogous to IgA but did not react with antihuman IgA (7). Vaerman et al. (27) identified an immunoglobulin in horse serum and milk which showed an immunological cross-reaction with antihuman alpha-chain antisera. Additional work demonstrated that the size and electrophoretic mobility of this immunoglobulin was similar to human secretory IgA and that it was the predominant immunoglobulin produced in the lamina propria of the equine intestine (27; J. P. Vaerman, Ph.D. thesis, Universite Catholique de Louvain, Belgium, 1970) . The purpose of this investigation was to examine quantitatively and qualitatively the immunoglobulins of equine serum and secretions in order to further establish and characterize the IgA secretory system.
MATERIALS AND METHODS
Secretions. Intestinal washings, parotid salivary fluid, bronchial washings, and sweat were collected from mature horses. Salivary flow was stimulated by dilute acetic acid, and sweat was collected after vigorous exercise. Intestinal and bronchial secretions were washed out with phosphate-buffered saline (PBS) 610 Tears and sera were collected from two horses immunized with 2, 4-dinitrophenol-bovine gamma globulin (DNP-BGG) prepared as described below. An initial subcutaneous injection of 75 mg of DNP-BGG in complete Freund's adjuvant was followed in 6 weeks by 200 mg intravenously over 2 consecutive days. Serum was collected at 2 and 7 weeks and tears were collected at 17 weeks after the initial injection. (Fig. 1 ) was antigenically distinct from equine IgG (Fig. 2) , IgM (Fig. 3) , IgG(T) (Fig. 4) , and Al (Fig. 5) as determined by analysis in IEP with purified immunoglobulins and monospecific antisera. Antisera from two rabbits and a guinea pig immunized with purified IgA reacted with only IgA and IgG in IEP. After absorption of these antisera with IgG, only one line against whole serum and secretions could be detected in immunodiffusion and IEP (Fig. 1) . Monospecific antiequine IgA antiserum gave a line of identity with specific antihuman alpha-chain antiserum when the antisera were reacted with purified equine IgA (Fig. 6 ) and equine serum. An apparent line of identity occurred between equine serum and human serum when reacted with specific antihuman alpha-chain antiserum. The strength of the reaction with human serum was much greater than with equine serum, making interpretation and photography difficult. Only the guinea pig antiserum produced the characteristic spur of secretory component (SC) when reacted with equine serum and secretions (Fig. 7) .
After this antiserum was absorbed with equine serum to produce specific antiserum to SC, no reaction occurred with serum, and only one line was obtained with most secretions (Fig. 7) . The top trough has monospecific anti-lgM, whereas the bottom well is filled with antiequine serum. The cathode is on the right side. A plot of the elution volumes and the log molecular weights of the standards on Sephadex G-200 gel filtration yielded a straight line. IgA eluted from the calibrated columns over a broad range, indicating heterogeneity in molecular size. The distribution of IgA in both secretions and serum extended from 150,000 to about 700,000 molecular weight. The IgA in the secretions (tears, milk, and colostrum) appeared to have a distribution weighted towards the heavier species ( Fig. 8) with smaller amounts of low-molecularweight IgA than serum. Bound SC was found in the heavier fractions of the secretion separations (over 350,000 molecular weight). No SC was found in the serum fractions. Antigenic activity apparently representing free SC was detected in milk, and SC size was considerably smaller than that of IgG.
Serum levels of IgG, IgM, IgA, IgG(T), and AI are presented in Table 1 . The mean level of IgA was 153 mg/100 ml, which was slightly higher than that of IgM (120 mg/100 ml). A mean serum IgA to IgG ratio of 0.114 was obtained. Levels of these same immunoglobulins were determined in tears from four ponies ( Table 2 ). In these secretions IgA was the predominant immunoglobulin with IgA to IgG ratios ranging from 4.0 to 13.1. Samples of mammary secretions were examined on 1, 3, 16, and 182 days after parturition (Table   3 ). On days 1 and 3, IgG was present in the highest quantities of the 5 immunoglobulins (Table 3) . DISCUSSION IgA with immunological cross-reactivity to human IgA has been identified in a number of mammalian species (10, 13, 15, (24) (25) (26) (27) . T protein of equine serum (22) was erroneously considered to be the homologue of human IgA (6, 8, 16, 17) . Subsequent examinations of immunoglobulins in secretions failed to detect equine IgA, and it was concluded that the horse did not have a secretory immunoglobulin analogous to human IgA (4, 19) . Our results establish that the horse does indeed possess a secretory IgA system homologous to that in man by confirming the presence of common antigenic determinants with human IgA (26, 27) and demonstrating the presence of SC on secretory IgA.
In contrast to human serum IgA, which exists largely in the form of 7S monomer (23) , IgA of equine serum was detected in fractions ranging from a molecular weight of 150,000 to about 700,000. Large-molecular-weight forms of serum IgA have previously been observed in the dog (24) , pig (25) , cow (10, 15) , goat and sheep (13) , and the horse (27) . The Since submission of this manuscript, other investigators have also detected secretory component on equine secretory immunoglobulin A and in the free
